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The nucleosides, 4-amino-5, 7-disubstituted-l-jjs-n-
ribofuranosyl]pyrido-[2, 3-d]pyrimidin-2-ones/thiones 6
and 7 and 3, 5, 7-trisubstituted-l-(I3-D-ribofuranosyl]-
pyrido [2, 3-d]pyrimidine-2, 4(3H)-diones 8 have been
synthesized from 5, 7-disubstituted pyrido-[2,3-d]-pyri-
rnidin-2(1H)-ones/thiones 3 and 4 and 3, 5, 7-trisub-
stituted-1H, 3H-pyrido[2, 3-d]pyrimidine-2, 4-diones 5
respectively. The structures of the synthesized nucleo-
sides and their precursors have been established by IR,
'HNMR and elemental analysis. These compounds have
been tested for their antibacterial and antifungal activity
and are found to be better antibacterial and antifungal
agents than their precursors pyrido[2,3-d]pyrimidines.
The manifold implications'" of pyrido[2,3-d]pyri-
midine are well proved by a large number of pat-
ents available on it as chemotherapeutic agents.
Recent patents by Shiozowa et at, Gossett et al'o
and Reuchman et al" on pyrido[2,3-d]pyrimidines
demonstrate their utility as promising drugs.
Motoo et at' have shown the nucleosides of dioxo
derivatives of pyrido[2,3-d]pyrimidines to possess
anticancer activity.
Although pyrido[2,3-d]pyrimidines are good
drugs, however, their poor solubility in wa-
ter/alcohol is hindering their utility. It has been
observed that ribosylation of pyrido[2,3-d]pyri-
midine nucleus not only improves its solubility but
also enhances its utility as antimicrobial agents.
Keeping above conjucture in mind some dioxo,
arninoxo and aminothio derivatives of pyrido-
[2,3-d]pyrimidine nucleosides were synthesized.
Both pyrido[2,3-d]pyrimidines and their nucleo-
sides were screened for antimicrobial activity.
2-Amino-3-cyano-4,6-disubstituted-pyridines 1
on treatment with urea and thiourea produced 4-
Note
amino-5, 7-disubstituted-pyrido[2,3-d]pyrimidin-
3(1H)-ones 3 and 4-amino-5,7-disubstituted pyri-
do-[2,3-d]pyrimidin-2(lH)-thione 4. 1 on hydroly-
sis in alcoholic KOH gave 2-amino-3-carbox-
amido-4,6-disubstituted-pyridines 2, which on re-
action with 3-chlorophenylisocyanate produced 3,
5, 7-trisubstituted-lH,3H-pyrido[2,3-d]pyrimidine-
2, 4-diones 5 (Scheme I).
Compounds 3, 4 and 5 were treated with hexa-
methyldisilazane to give the corresponding trime-
thylsilyl derivatives, which when stirred with ~D-
ribofuranose-l-acetate-2, 3, 5-tribenzoate in vacuo
at 155-60°C for 10 hr gave respective nucleosides,
namely, 5, 7-disubstituted-l-(13-D-ribofuranosyl)-
pyrido[2,3-d]pyrimidine-2-one 6, 5,7-disubstitu-
R' R'b:CN ICOH-EtOH t.xCON~•
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ted-l-(f)-D-ribofuranosyl)pyrido[2,3-d]pyrimidine-
2-thione 7 and 3, 5, 7-trisubstituted-l-(f)-D-ribofu-
ranosyl)pyrido-[2, 3-dJpyrimidine-2, 4(3H)-diones
8 (Scheme I).
The structures of the synthesized compounds
were well supported by their elemental analysis
and spectral data (Table I).
In the IR spectra the appearance of a new band
at 1675-1670 cm' and disappearance of a band in
the region 2210-2200 cm' indicated the hydrolysis
of -C=N of 1 into CONH2 of 2. The stretching and
bending vibrations of the -NH2 group appeared at
3440-3310 and 1520-1500 cm', respectively. The
presence of >C=S band at 1200-1175 cm', three
characteristic bands of -NHCS moiety in the re-
gion 1230-1175 cm' and band for -NH2 at 3420-
3300 cm' confirmed the proposed structure of 4.
The presence of>C=O band at 1710-1665 cm' in
compounds 3 and 5 and -NH2 band at 3420-3300
cm' in compound 3 and its absence in compound
5 confirmed their structures. Absorption due to
-NH group appeared at 3410-3365 cm' in com-
pounds 3, 4 and 5 which was absent in compounds
6,7 and 8, thus confirming the ribosylation at this
position.
'H NMR the -OCH3 protons appeared as sharp
singlet at 3.85-4.20 ppm and a hump at 3.8 to
4.1 ppm was due to Ar-NH2 protons. All the syn-
thesized compounds gave a complex multiplet for
aromatic protons of phenyl and furfuryl group in
the range of 6.65-7.8 ppm. The -NH proton ap-
peared at 8.7-9.1 ppm and its absence in com-
pounds 6,7 and 8 confirmed the ribosylation at this
position.
Antimicrobial activity
All the synthesized compounds were screened
for their antibacterial and antifungal activities at
the cone. of 100 ug per disc using Streptomycin
and Mycostatin, respectively, as the reference
compounds. The test organisms used included
Escherichia coli (gram negative bacterium), Sta-
Table I-Physical data of compounds 3-8
Compd R' R2 RJ Mol Formula Yield m.p. Found % (Calc.)
(Mol. Wt.) % °C C H N
3a C.HP 4-NH2C6H. C'7H,;o2NS 78 212-14 63.98 4.10 21.91
(319.0) (63.94 4.08 2 \.94)
3b C.HP 4-OCHJC6H. C,sH,.N.O) 76 179-82 63.67 4.23 16.69
(334.0) (63.63 4.19 16.76)
3c 2-0CHJC6H• 4-CIC6H. C2oH,sN.02CI 80 230-32 63.43 3.98 14.74
(378.5) (63.41 3.96 14.80)
4 2-OCHJC6H. 4-ClC6H. C2oH,sN.oSCI 82 148-50 60.88 3.84 16.13
(394.5) (60.84 3.80 14.20)
Sa C.HP 4-NH2C6H. 3-CIC6H. C21H'SO)N.CI 74 >300 64.13 3.52 13.00
(430.5) (64.11 3.48 13.01)
Sb C.HP 4-OCH)C6H. 3-CIC6H. C2.H,P.N)CI 76 >300 64.69 3.62 9.39
(445.5) (64.65 3.59 9.43)
6a C.HP 4-NH2C6H. C.)H)J09NS 65 126-27 67.68 4.36 9.13
(763.0) (67.63 4.33 9.17)
6b C.HP 4-OCHJC6H. C••HJ40ION. 70 112-14 67.89 4.38 7.14
(778.0) (67.87 4.37 7.20)
6c 2-OCH)C6H. 4-CIC6H. C46HJs09N•CI 75 98 67.15 4.27 6.80
(822.5) (67.11 4.25 6.81)
7 2-OCH)C6H. 4-CIC6H. C46H)sN.OsSCl 78 105-07 65.89 4.23 6.61
(838.5) (65.83 4.17 6.68)
8a C.HP 4-NH2C6H. 3-CIC6H. C.9HJsN.OIOCl 68 213-15 67.28 4.06 6.37
(874.5) (67.24 4.00 6.40)
8b C.HP 4-OCH)C6H. 3-ClC6H. CsoH)6NPIICI 72 257 67.50 4.10 4.68
(889.5) (67.45 4.05 4.72)
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Table II-Biocidal activity of the synthesized compounds
Zone of growth inhibition (mm) (Activity index)'
Bacterial
Fungi 3a 3b 3c 4 Sa 5b 6a 6b 6c 7 8a 8b
Escherichia
coli 9.5 6.8 9.8 10.2 10.1 9.7 9.9 10.1 10.0 10.4 10.2 10.3
(1.05) (0.89) (1.08) (1.13) ( 1.12) (1.07) (1.08) ( 1.12) (1.11 ) ( 1.15) (1.13) ( 1.14)
Staphylococcus
aureus 7.0 7.2 7.1 8.0 7.7 7.4 7.3 7.6 7.2 8.3 8.1 78
(1.00) (1.02) (1.01) (1.14) (1.10) (1.06) (1.04) (1.08) (1.02) ( 1.18) ( 1.15) (1.11 )
Aspergillus
niger 7.8 8.0 6.0 8.3 8.2 8.1 8.2 8.4 8.1 8.5 8.6 8.4
(0.96) (0.98) (0.74) (1.02) (1.01 ) (1.00) (1.01) (1.03) (1.00) (1.04) (1.06) (1.03 )
Aspergillus
flavus 9.2 9.6 9.4 9.5 9.3 9.3 9.5 9.85 9.8 9.9 9.45 9.6
(0.97) (1.02) (1.0) (1.01 ) (0.99) (0.99) (1.01) (1.04) (1.04) (1.05) (1.0) (1.02)
Fusarium
oxysporium 9.3 9.1 9.6 9.4 9.2 9.3 9.7 10.2 10.1 9.7 7.2 9.4
(1.01) (0.98) (1.04) (1.02) (1.00) (1.01) (1.06) (1.1 0) (1.09) (1.05) (0.67) 1.02)
'(Activity index) = Inhibition area of the sample/inhibition area of the standard.
phylococcus aureus (gram positive bacterium),
Aspergillus flavus, Aspergillus niger and Fusarium
oxysporium (fungi). Disk diffusion method of
Varma et. al." was followed. Results obtained
have been tabulated (Table II) in the form of inhi-
bition zones and activity indices. Although, all the
compounds show moderate to fairly good activi-
ties, a close look on the activity indices reveals that
the nucleosides are better antimicrobial agents than
their bases. The compounds 4 and 7 showed sig-
nificant activities against the two bacteria. Their
better results may be attributed to the presence of
sulphur.
Experimental Section
Melting points of all the synthesized compounds
were determined in open capillary tube and are
uncorrected. IR spectra were recorded on
NICOLET Megna FT-IR 550 spectrometer and
IH NMR spectra on FX 90 Q JEOL type spectro-
photometer using TMS as internal standard
(chemical shifts in 8, ppm). The purity of com-
pounds was checked by TLC using silica gel G as
adsorbent and visualization was accomplished by
UV light or Iodine. Chalcones were synthesized by
reported methods.
malononitrile (0.05 mole) and ammonium acetate
(0.4 mole) in ethanol (50 mt.) was refluxed on a
water-bath for 20-22 hr, cooled and poured on to
crushed ice with constant stirring. A solid mass
thus obtained was washed with water and ethanol.
The dried crude product was recrystallized from
ethanol to give 1.
2-ADlino-3-carboxamido-4,6-disubstituted pyri-
dine 2. A mixture of 1 (0.04 mole), KOH (0.7
mole) and ethanol (150 ml.) was refluxed on a
water-bath for 20-22 hr. After cooling, the contents
were poured on crushed ice with constant stirring
to obtain a yellow solid mass. The solid thus ob-
tained was washed with water and ethanol. The
dried crude product was recrystallized from etha-
nol.
4-Amino-5, 7-disubstituted pyrido(2, 3-d)pyri-
midine-2(1H)-ones 3. A mixture of 1 (0.01 mole)
and urea (0.02 mole) was heated on an oil bath at
120°C for 2 hr with constant stirring. The tem-
perature was raised to 180°C and finally the mix-
ture was heated at 220°C for 2 hr. On cooling the
product solidified, which was recrystallized from
DMF-EtOH mixture (1:2).
2-Amino-3-cyano-4, 6-disubstituted pyridine 1. 4-Amino-5, 7-disubstituted-pyrido(2, 3-d)pyri-
A mixture of appropriate chalcone (0.05 mole), midine-2(1H)-thiones 4. A mixture of 1 (0.01
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mole) and thiourea (0.02 mole) was heated on an
oil bath at 120-30°C for 2 hr. with constant stir-
ring. The temperature was raised to 180°C and fi-
nally the mixture was heated at 220°C for 2 hr. The
residue was washed with water, saturated NaHC03
solution and finally with ethanol. The crude prod-
uct thus obtained was recrystallized from DMF-
EtOH mixture (1 :2).
3, 5, 7-Trisubstituted-pyrido[2, 3-d]pyrimidine-
2, 4(lH, 3H)-diones 5. A mixture of 2 (0.01
mole), 3-chlorophenylisocyanate (0.01 mole) and
diphenyl ether (30 ml.) was refluxed for 8-9 hr.
The reaction mixture after cooling was added to
ethanol and separated solid was filtered, washed
with water and recrystallized from DMF-EtOH
mixture (1 :2).
5, 7-Disubstituted-l-([3-o-ribofuranosyl)pyrido-
[2,3-dJ pyrimidines and 3,5,7-trisubstituted-l-([3-
n-ribofu ranosyl] pyrido [2,3-d] pyrimidines. Syn-
thesized pyrido[2,3-d]pyrimidines 3, 4 and 5
(0.002 mole) were refluxed with hexamethyldisila-
zane (0.0124 mole) along with a few crystals of
ammonium sulphate in toluene (30 mt.) for 4 hr.
The coloured solution thus obtained was filtered
and the solvent was removed in vacuo at 100°C.
The sugar, (13-D-ribofuranose-I-acetate-2, 3, 5-tri-
benzoate (0.002 mole) was added to the above
pasty mixture and the mixture was stirred at 155-
60°C under vacuum for 15 min. in the absence of
moisture. The reaction mixture was stirred for 10
hr. During the reaction period, the vacuum was
regularly applied for five minutes at the end of
every one hour. The melt was boiled in methanol
for 10 min, cooled and filtered. The viscous mass
of nucleoside thus obtained was crystallized from
diethyl ether.
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